The spin 1/2 baryons are pictured as a composite system made out of a "core" of three valence quarks (as in the simple quark model) surrounded by a "sea" (of gluon and qq pairs) which is specified by its total quantum numbers. We assume the sea is a SU (3) flavor octet with spin 0 or 1 but no color. This model, considered earlier, is used to obtain simultaneous fits for masses, magnetic moments and G A /G V for semileptonic decays. These fits give predictions for nucleon spin distributions in reasonable agreement with experiment.
I. INTRODUCTION
The simple quark model (SQM) though qualitatively successful, fails to account for low energy properties of baryons quantitatively. Experimentaly [1] , it is found that quarks cannot even account for the proton spin and thus it is necessary to go beyond SQM. Since quarks interact through strong color forces mediated by gluons, a physical hadron, in reality, consists of valence quarks surrounded by a "sea" of gluons and quark-antiquark (qq) pairs. The effect of the sea contribution to hadron structure has been considered by several authors [2] [3] [4] [5] [6] [7] [8] [9] .
In this paper, we study the static properties of the spin 1/2 baryons (p, n, Λ, ...) following Refs. [8] and [9] where the general sea is specified by its total flavor, spin and color quantum numbers. The baryons are pictured as a composite system made out of a baryon "core" of the three valence quarks (as in SQM) and a flavor octet sea with spin 0 and 1 but no color. Earlier [8, 9] , such a physical baryon wavefunction was applied to baryon magnetic moments and semileptonic decays and gave excellent fits. The purpose of this paper is to use this wavefunction to obtain a simultaneous fit to masses, magnetic moments and semileptonic decays.
Sec. II gives the wavefunction for the physical baryon in our model. Sec. III presents a discussion of the mass operator used and the models for the "core" baryon masses. It also gives briefly how the magnetic moments and semileptonic decays are calculated. Sec. IV gives the combined fits to masses, magnetic moments and semileptonic decays, while a prediction of these fits for nucleon spin distributions is discussed in Sec. V. Lastly, Sec. VI gives some concluding remarks.
II. SPIN 1/2 BARYON WAVE FUNCTIONS WITH SEA
The physical baryon octet states, denoted by B(1/2 ↑) are obtained by combining the "core" wavefunctionB(8, 1/2) (the usual SQM spin 1/2 baryon octet wave function) with the sea wavefunction with specific properties given below. We assume the sea is a color singlet but has flavor and spin properties which when combined with those of the core baryonsB give the desired properties of the physical baryon B. Since both the physical and core baryon have J P = 1 2 + , this implies that the sea has even parity and spin 0 or 1. The spin 0 and 1 wavefunctions for the sea are denoted by H 0 and H 1 , respectively. We also refer to a spin 0 (1) sea as a scalar (vector) sea. For SU(3) flavor we assume the sea has a SU(3) singlet component and an octet component described by wavefunctions S(1) and S(8), respectively. The color singlet sea in our model is thus described by the wavefunctions
The total flavor-spin wavefunction of a spin up (↑) physical baryon which consists of 3 valence quarks and a sea component (as discussed above) can be written schematically as
The first term is the usual q 3 -wavefunction of the SQM (with a trivial sea) and the second term (coefficient b 0 ) comes from spin-1 (vector) sea which combines with the spin 1/2 core baryonB to a spin 1/2↑ state. So that,
In both these terms the sea is a flavor singlet. The third (fourth) term in Eq. (1) 
, and S η . The familiar pseudoscalar mesons are used here as subscripts to label the isospin and hypercharge quantum numbers of the sea states. Details of the wavefunction have been given earlier [8, 9] . However, for completeness the explicit physical baryon states in terms of the core and sea states are given in Tables I and II . The normalization of a given baryon state (not indicated in Eq. (1)) depends on the parameters which enter in the wavefunction and is different for different isospin multiplets (see Table III ). For our applications we adopt the phenomenological wavefunction given in Eq. (1), where the physical spin 1/2 baryons have admixtures of flavor SU(3) determined by the coefficients a(N) and b(N), N = 1, 10,10, 27. As we shall see, such a wavefunction which respects the isospin and hypercharge properties of the usual spin 1/2 baryon states is general enough to provide an excellent fit to the masses, magnetic moments and semileptonic decays data simultaneously. Only few of the thirteen parameters in Eq. (1) are needed for this purpose.
For applications, we need the quantities (∆q) B , q = u, d, s; for each spin-up baryon B. These are defined as
where n B (q ↑) (n B (q ↓)) are the number of spin-up (spin-down) quarks of flavor q in the spinup baryon B. Also, n B (q ↑) and n B (q ↓) have a similar meaning for antiquarks. However, these are zero as there are no explicit antiquarks in the wavefunctions given by Eq. (1). The expressions for (∆q) B reduce to the SQM values if there is no sea contribution, that is,
III. MAGNETIC MOMENTS, MASSES AND SEMILEPTONIC DECAYS
For any operatorÔ which depends only on quarks, the matrix elements are easily obtained using the orthogonality of the sea components. Clearly B ↑ |Ô|B ′ ↑ will be a linear combination of the matrix elements B ↑ |Ô|B ′ ↑ (known from SQM) with coefficients which depend on the coefficients in the wavefunction, Eq. (1).
A. Magnetic Moments (MM's)
We assume the baryon magnetic moment operator,μ, to act solely on the valence quarks inB, so thatμ
where µ q = e q /2m q and e q and m q are quark charge and mass for q = u, d, s.
It is possible to show that the MM's of the spin 1/2 baryons, µ B (B = p, n, Λ, . . .), and the transition magnetic moment, µ Σ 0 Λ , can be written as
where the (∆q) B are defined in Eq. (3). Expressions for (∆q) B in terms of the parameters b 0 , β i and β ′ i are given in Ref. [8] . From Eqs. (5) we see that the MM's depend on the quark masses (or quark MM's) and on the parameters b 0 , a(N), b(N) which determine the sea.
B. Masses
For masses we assume that the mass operator H acts only on the quarks in the coreB, this gives the physical baryon masses
as a linear combination of the eight "core" baryon masses mB weighted by the coefficients Ω BB (given in Table III ) which depend on the parameters of the wavefunction, Eq. (1). The parameters in the wavefunction can be fixed by fitting other data (e.g. MM's) and thus determine Ω BB . However, we still need to know mB to be able to calculate m B . For this purpose, we assume the mass operator of the form
where H 0 is flavor SU(3) singlet and H 8 transforms like the eighth component of an octet and breaks flavor SU(3) down to SU(2) I ⊗ U(1) Y . The last term H 3 transforms like I = 1, I 3 = 0 or third component of an octet. It breaks SU(2) I giving different masses to members of an isospin multiplet inB (8) . Given these general transformation properties for H, one can express the eight masses of the core baryon octet as
where m 0 ≡ B |H 0 |B is the common core mass, while F 8 and D 8 (F 3 and D 3 ) represent the two reduced matrix elements for H 8 (H 3 ). It is clear that our choice of H guarantees the three sum rules
and 2(mÑ + mΞ) = 3mΛ + mΣ (11) where
are the average masses of the isospin multiplets. Eqs. (10) and (11) correspond to the Coleman-Glashow [10] and the Gell-Mann-Okubo [11] mass formulas for the core baryons.
The physical baryon masses m B do not obey these two relations exactly due to the SU(3) breaking in the wavefunction (Eq. (1)) due to parameters a(N), b(N) for N = 1, 10,10, 27. However, Eq. (9) is obeyed by m Σ ± and m Σ 0 since our wavefunction respects isospin. As they stand, Eqs. (8) provide a model for the eight baryon masses mB in terms of five unknown m 0 , F 3 , F 8 , D 3 and D 8 . We can treat these five as independent parameters or try and connect them with the quark masses m q which enter in the baryon MM's through µ q . To do this, we note that the naive assumption that mB is equal to the sum of the masses of its three constituent quarks gives
Motivated by this observation, for our fits we also consider the alternative model for mB where
This model for mB treats D 3 and D 8 as extra independent parameters in fitting m B unlike the model for mB in Eqs. (8) which has five parameters. We will use both the models (Eqs. (8) and Eqs. (14)) for mB to make simultaneous fits to baryon masses and MM's.
Since the actual baryon masses satisfy Eqs. (9)- (11) to a good accuracy, one may ask: why not fit the m B with five parameters as in Eq. (8)?; and does the wavefunction or coefficients Ω BB play a significant role? The answers lie in the fact that a fit to the 8 physical masses m B using Eqs. (8) directly (with a theoretical error of 1 MeV) gives χ 2 /DOF = 50.37/3. Instead, the use of Eq. (6) for m B with mB given by Eqs. (8) gives very good fits to m B (see Secs. IV and V). So, the wavefunction parameters in Ω BB do play a significant part.
C. Semileptonic Decays (SLD's)
The detailed expressions for G V,A (B → B ′ ) = B ′ |J V,A |B of the charge changing hadronic vector (J V ) and axial vector (J A ) currents using our wavefunction (Eq. (2)) are given in Ref. [9] . Here we briefly summarize how they were calculated.
The ∆S = 0 and ∆S = 1 vector currents are the total isospin raising (I + = I (q)
− ) operators [9] . The operators I A which may, in general, have different relative strengths, so that
where the constants A 0 and A 1 specify the strength of J z is the spin operator acting only on the sea states in the wavefunction. For ∆S = 0 transitions, the quark part was sufficient so that A 0 = 0 for all the fits. For ∆S = 1 transitions, a direct sea contribution through J
(s)
A is needed when the theoretical error on the MM's is very small.
IV. COMBINED FITS AND RESULTS
In the last section, we have considered three possible models for mB (the core baryon masses) which could be used in Eq. (6). These are:
A) The naive or simple quark model assumption that the mass of baryonB is equal to the sum of its three constituent quarks. Thus, all mB are given in terms of 3 m q 's (q = u, d, s) and this corresponds to use of Eq. (14) To test the viability of these models we made extensive and systematic fits to the 8 masses and 8 MM's using Eqs. (4)- (6) . For the fits we used theoretical errors added in quadratures to the experimental errors [12] . For the MM's of the baryons we chose initially 0.1µ N and for the masses 1 MeV. A motivation for adding these errors is that all masses and MM's are treated "democratically"
A. Fits for Masses and MM's
We briefly summarize the main results [13] . What we learn from the above is that Model A is not viable. As we shall see, Model B works only with a generous theoretical error like 0.1µ N for the MM's and later fits will use only Model C which seems the most viable model for the core baryon masses. In Ref. [9] , excellent 3 and 7 parameter fits were obtained to MM's and SLD's (12 data) using theoretical errors of 0.1 µ N and 0.001 µ N respectively. Since these fits specify the m q 's and the wavefunction it is of interest to see their prediction for the masses. The prediction for the 4 average isospin multiplet masses using Eq. (6) and Model C are given in Table IV. As we can see, the prediction for the masses are fairly good. This encouraged us to make fresh combined fits to 8 MM's, 4 semileptonic decays (SLD's) and 8 masses using Model C.
C. Combined Fits to MM's, SLD's and Masses
The combined fits here are different from those in Ref. [9] since, in addition to MM's and SLD's, we also fit the baryon masses. For the masses and MM's Eqs. (4)-(6) were used together with Model C for the core baryon masses. The G V and G A for the SLD's depend on the sea parameters and they were calculated as described briefly in Sec. III C. For explicit expressions for G V and G A see Ref. [9] .
For ∆S = 0 transitions, the quark part was sufficient so that A 0 = 0 for all the fits. For ∆S = 1 transitions, a direct sea contribution through J
(s)
A is needed when the theoretical error on the MM's is very small. In Table V we took A 1 = −1. These values for A 0 and A 1 can be treated as input values since varying them does not affect the fits too much.
Fits to 20 pieces of data were made using theoretical errors of 0.1 µ N , 0.01 µ N and 0.001 µ N for the MM's. In each case, a theoretical error of 1 MeV was used for the masses, while experimental errors were used for G A /G V for the SLD's. The results are displayed in Table V and the values of the parameters are compared in Table VI. Of the many good fits possible, Table V displays fits which have a reasonable χ 2 /DOF with as few parameters as possible 1 . The number of parameters describing the sea increase from 2 for a large theoretical error of 0.1 µ N to 6 for small error of 0.001 µ N . Our fit for 0.1 µ N theoretical error is comparable to other phenomenological fits which use this error to fit MM's and SLD's alone. Fits for the extremely small theoretical error, e.g. 0.001 µ N (close to most experimental errors) are not given by other models. In contrast, our wavefunction gives a very good fit (Column 5 of Table V) suggesting that our phenomenological model for incorporation of the sea may be in the right direction.
Most of the χ 2 in the 0.1 µ N fit is from SLD's. Actual break up for 0.1 µ N is χ 
V. SPIN DISTRIBUTIONS
The spin distribution, I 1B , for baryon B is defined as
where the spin structure function g 1B occurs in polarized electron-baryon scattering. In SQM, I 1B is given by the expectation value I 1B ≡ B|Î 
In our model in addition to the quarks there can be a direct sea contribution I 1B ≡ B|Î
1B |B where by analogy we takeÎ 
Putting the two contributions together we have
where B 1 determines the strength of the direct sea contribution to the valence quark contribution. Since the value of B 1 is not knowná priori, so phenomenologically it may be treated as a parameter. Experiment [1, 16] gives I 1p = 0.126 ± 0.018 and I 1n = −0.08 ± 0.06 which are very different from the SQM predictions I 1p = 5/18 = 0.2778 and I 1n = 0. One must note that the EMC experiment gives I 1p for Q 2 = 10.7 (GeV/c) 2 and this could be very different for the very low Q 2 (≈ 0) result predicted by SQM or other theoretical models. This could mean that a model which gives values for I 1B differing by 2-3 standard deviations from experiment may be quite acceptable.
Using the values for (∆q) p in Table VI it is clear that our values for I
1p (≈ 0.2) are much lower than the SQM value but still 4σ higher than experiment. This may be due to the large Q 2 in the experiment. In our model, in addition to the quark part I Table VII with the choice B 1 = −1. As one can see, one obtains good agreement with experiment only for the fit (second column, Table VII) when extremely large theoretical error for the magnetic moments was used.
VI. SUMMARY
We have shown that our wavefunction, for spin 1/2 baryons, which incorporates a flavor octet sea component can simultaneously give a good fit to their magnetic moments, weak decays constants G A /G V for both ∆S = 0, 1 semileptonic decays as well as the eight baryon masses. In addition, these fits give viable predictions for the nucleon spin distributions. The sea was found to be both scalar (spin 0) and vector (spin 1). The SU(3) flavor breaking in the wavefunction is mainly due to the scalar component. Two important features of the fits are that the valence quarks carry about 70% of the proton spin and that the nucleons have a small strange-quark content.
In conclusion, our model can account for all the static properties of the eight low-lying spin 1/2 baryons.
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